Background: Frailty is an age-related clinical syndrome of decreased resilience to stressors and is associated with numerous adverse outcomes. Although there is preponderance of literature on frailty in developed countries, limited investigations have been conducted in less developed regions including China-a country that has the world's largest aging population. We examined frailty prevalence in China by sociodemographics and geographic region, and investigated correlates of frailty. Methods: Participants were 5,301 adults aged ≥60 years from the China Health and Retirement Longitudinal Study. Frailty was identified by the validated physical frailty phenotype (PFP) scale. We estimated frailty prevalence in the overall sample and by sociodemographics. We identified age-adjusted frailty prevalence by geographical region. Bivariate associations of frailty with health and function measures were evaluated by chi-squared test and analysis of variance. Results: We found 7.0% of adults aged 60 years or older were frail. Frailty is more prevalent at advanced ages, among women, and persons with low education. Age-adjusted frailty prevalence ranged from 3.3% in the Southeast and the Northeast to 9.1% in the Northwest, and was more than 1.5 times higher in rural versus urban areas. Frail versus nonfrail persons had higher prevalence of comorbidities, falls, disability, and functional limitation. Conclusions: We demonstrated the utility of the PFP scale in identifying frail Chinese elders, and found substantial sociodemographic and regional disparities in frailty prevalence. The PFP scale may be incorporated into clinical practice in China to identify the most vulnerable elders to reduce morbidity, prevent disability, and enable more efficient use of health care resources.
Frailty is commonly defined as an age-related clinical syndrome of decreased resilience to internal and external stressors and is associated with a wide range of adverse outcomes including hospitalization, falls, fractures, disability, and death (1) (2) (3) . Frailty is prevalent among older adults, and the prevalence is higher at advanced age and among women and socioeconomically disadvantaged individuals (4, 5) . Although there is preponderance of literature on frailty in developed countries, limited investigations have been conducted in less developed regions (6) . Population aging is a global phenomenon. In 2015, over two-thirds of the world's population aged 60 years or older resided in developing countries and the growth rate is accelerating (7) .
China is the most populous country with the world's largest aging population. In 2013, over 202 million people were over the age of 60 years in China and the number is projected to nearly double by 2040 (402 million) (7, 8) . In addition, the number of Chinese people aged 80 years or older is estimated to quadruple over the next 35 years, from 22.6 million in 2013 to 90.4 million in 2050 (9) . China's population has been aging rapidly and has profound implications for its health care system that is facing enormous challenges including escalation of health care costs, underutilization and inefficient allocation of resources, and inequalities in health and health care services (10, 11) . The aging of the population will increase the number of frail elders. Frailty screening and assessment may provide an opportunity for early detection, intervention, and monitoring of the most vulnerable Chinese elders to reduce morbidity, prevent disability, and enable more effective use of health care resources. A comprehensive picture of epidemiology of frailty in China would identify subgroups of Chinese older adults with high frailty prevalence, provide insights into potential sociodemographic and geographic disparities in frailty, and enhance our understanding of potential risk factors for, and consequences of, frailty among the Chinese elders.
In this study, we used the China Health and Retirement Longitudinal Study (CHARLS), a nationally representative prospective study of community-dwelling Chinese population, to determine the prevalence of frailty in China by sociodemographics and geographic region, and to examine health, function, and biomarker correlates of frailty. Frailty was operationalized using the most widely used and validated physical frailty phenotype (PFP) scale developed by Fried et al. (2) in the Cardiovascular Health Study (CHS).
Method

Participants
Data are from the baseline survey (2011-2012) of the CHARLS, an ongoing longitudinal cohort study of a nationally representative sample of community-dwelling adults from 28 provinces in China. The response rate of 80.5% produced a total of 17,708 Chinese residents aged 45 years or older enrolled at baseline. All participants gave informed consent; the protocol was approved by the Ethical Review Committee at the Peking University. Further details about the recruitment strategy, design, and sampling approaches of the CHARLS have been previously documented (12) . A total of 7,681 participants were aged 60 years or older, of which 5,301 had data on four or more frailty components (analytic sample). Physical activity was assessed in a random sample of half of all participants and represented 53% of missing frailty component, compared to 1.4% for grip strength, 2.4% for gait speed, 0.7% for exhaustion, and 2.7% for weight loss.
Frailty
Frailty was measured by the PFP scale in which five elements are included: weakness, slowness, exhaustion, inactivity, and shrinking (2).
Weakness
Weakness was defined, using maximum handgrip strength of either hand (two trials for each; measured in a standing position), as ≤20 th percentile of the weighted population distribution, adjusting for sex and body mass index (BMI). Linear models regressing grip strength on BMI for males and females separately were fitted. Residuals were computed, representing sex-and BMI-adjusted grip strength. Grip strength of participants whose measuring position was unknown or lying down and who did not appear to give full effort was coded missing.
Slowness
Slowness was defined, using the average of two-timed walk tests over a 2.5-meter course, as being ≤20 th percentile of the weighted population distribution, adjusting for sex and height via the residual approach described previously.
Exhaustion
Participants met criteria for exhaustion if they answered "A moderate amount of time; 3-4 days" or "Most of the time" to either of two questions from the modified Center for Epidemiological StudiesDepression (CES-D) scale (13) : "I could not get going" and "I felt everything I did was an effort".
Inactivity
Participants met criteria for inactivity if they self-reported that they did not walk 10 or more minutes continuously during a usual week.
Shrinking
Shrinking was defined as self-reporting loss of 5 or more kilograms in the previous year or having a BMI of 18.5 kg/m 2 or less. Frailty level was identified by the number of criteria met. Individuals with none were considered "robust/nonfrail"; those meeting one or two criteria were considered "prefrail"; and those with three to five criteria were defined as "frail".
Demographics
Demographic characteristics included age (60-64, 65-69, 70-74, 75-79, 80-84, and 85+ years), sex, education (no formal education/ illiterate, can read but did not finish elementary school, elementary school/traditional Chinese school, middle school, and high school or above), marital status (married /living together, widowed, and others), current residence location (urban vs rural), and geographical region (Northeast, Northern, Central, Southwest, South, Northeast, East, South Central, and Southeast).
Medical Conditions
Participants reported whether they have been diagnosed with the following conditions: hypertension, diabetes, cancer (excluding minor skin cancers), cardiac disease (including myocardial infarction, coronary heart disease, angina, heart failure, or other heart problems), stroke, chronic lung diseases, liver disease, kidney disease, stomach or other digestive disease, and arthritis/rheumatism. Falls in previous year were self-reported. Depression was assessed using the modified 10-item CES-D scale (13) excluding two items used for identifying exhaustion (a frailty component). Participants with a total score of 12 or higher, as suggested by Cheng et al. (14) , were considered depressed.
Disability
Participants were assessed for disability in five activities of daily living (ADL) tasks (dressing, bathing, eating, getting out of bed, and toileting) and five instrumental ADL (IADL) tasks (preparing hot meals, doing household chores, shopping, managing assets, and taking medications). For each ADL/IADL task, participants were asked, "Do you have difficulty in" performing the task? Those participants who responded, "I have difficulty but can still do it", "Yes, I have difficulty and need help", or "I cannot do it" to one or more of the ADL/IADL tasks were considered having ADL/IADL disability.
Self-Reported Functional Limitation
Participants were classified as having lower extremity functional limitation if they had difficulty performing any of the following tasks on a regular basis: getting up from a chair after sitting for a long period, climbing several flights of stairs without resting, or stooping, kneeling, or crouching. Participants were considered having upper extremity functional limitation if they reported having difficulty in any of the following tasks: reaching or extending arms above shoulder level, lifting or carrying weights more than 5 kg, or picking up a small coin from a table. For each task, participants were asked, "Do you have difficulty in" performing the task? Those participants who responded, "I have difficulty but can still do it", "Yes, I have difficulty and need help", or "I cannot do it" were considered having difficulty.
Clinical Measures
Blood pressure (BP; mmHg) was measured by an automatic BP monitor in the seated position. Three measurements, 45 seconds apart, were conducted, and the average was used. Fasting blood samples were collected by trained nurses in township hospital or a local office of the China Center for Disease Prevention and Control (CDC). Blood-based biomarkers included white blood cell count (10 3 /cm), hematocrit (%), platelets, (10 3 /cm), hemoglobin (g/dL), cystatin C (mg/L), C reactive protein (CRP; mg/L), fasting glucose (mg/dL), low-density lipoprotein cholesterol (mg/dL), high-density lipoprotein cholesterol (mg/dL), total cholesterol (mg/dL), and triglycerides (mg/dL).
Statistical Analysis
We estimated prevalence of frailty in the overall sample and by demographics including age, sex, education, marital status, and residence location. We used a χ 2 test to examine the association of each demographic characteristic with frailty. We identified the prevalence of frailty by geographical region, adjusting for age using multinomial logistic regression.
We identified the prevalence of each chronic condition, falls, depression, disability, and functional limitation across frailty spectrum (robust, prefrail, frail). We used a χ 2 test to determine whether the prevalence of each disease and health event differed by frailty status. We estimated the mean (median if the distribution was highly skewed) level of each biomarker by frailty status and used analysis of variance or nonparametric equivalent to determine whether the levels differed by frailty status. We also dichotomized biomarkers using the highest or the lowest quintile (whichever indicated a harmful level) of the sample distribution or clinically relevant cut-points. We utilized a χ 2 test to identify whether the proportions differed by frailty status. We conducted several sensitivity analyses. First, we repeated frailty prevalence analyses including participants with data on all five frailty components (n = 2,061) and compared baseline characteristics between persons with four or more frailty components and those with five. Additionally, because calculation of percentile-based cutoffs requires a reference population, which is not always feasible, we identified cut-points for identifying weakness (stratified by sex and BMI quartiles) and slowness (stratified by sex and median height) to facilitate the assessment of frailty in clinical practice. Percentilebased cutoffs were derived from the analytic sample (n = 5,301).
Multistage probability sampling design of the CHARLS was accounted for by specifying the sampling weight and primary sampling unit parameters. All tests were two-sided with a significance level of p <.05. Analyses were performed using Stata 13.1 and R 3.3.2.
Results
Prevalence of Frailty by Sociodemographics
Among Chinese adults aged 60 years or older, the prevalence of frailty in 2011 was 7.0% (95% CI: 5.9%-8.1%), 51.2% (95% CI: 49.3%-53.3%) were prefrail, and 41.8% (95% CI: 39.4%-44.2%) were robust ( Table 1 ). The prevalence of frailty increased steeply with advancing age. Only 2.9% of persons aged 60 to 64 years were considered frail, whereas about one-third of those aged 85 years or older were classified as frail. Frailty prevalence also differed by sex; 5.9% of men and 8.0% of women were identified as frail, respectively. In addition, higher frailty prevalence was observed in persons who had lower level of education, were not married, and currently lived in rural areas. Approximately 11% of persons who had no formal education were frail, whereas only 0.2% of persons with at least a high school diploma were frail. Frailty prevalence was more than two times higher among widowed persons than those who were married (13.1% vs 5.2%). Frailty prevalence was more than 1.5 times higher in rural versus urban areas (8.1% vs 5.3%).
Prevalence of Frailty by Geographic Region
There was substantial geographic variation in frailty prevalence in China. Age-adjusted frailty prevalence estimates ranged approximately threefold from 3.3% in the Southeast and the Northeast to 9.1% in the Northwest (Figure 1 ). Age-adjusted prefrailty prevalence estimates varied from 38.7% in the Southeast to 58.2% in the Northwest (Supplementary Table S1 ). In all regions, frailty prevalence was substantially higher in rural than urban areas (Supplementary Table S2 ). Additionally, there was a decreasing trend in frailty prevalence with lower level of education in all regions of China (Supplementary Table S3 ).
Health and Function Correlates of Frailty
Prevalence of diabetes, cardiac disease, stroke, lung disease, kidney disease, stomach disease, and arthritis was higher in frailer persons ( Table 2 ). The prevalence of having comorbidity (≥2 conditions) was also higher among the frail (54.3%) than the robust (40.8%). Approximately one out of six robust persons reported falls in the previous year, whereas one in four frail persons reported falls. Additionally, the percentage of depression was more than three times higher among the frail than the robust. Moreover, there was a steep gradient in the prevalence of disability and functional limitation from robust to frail. The proportions of persons with ADL and IADL disability were both greater than four times higher among the frail than the robust. The percentage of having lower extremity functional limitation was 86.0% among the frail against 46.9% among the robust. Over 60% of frail persons had upper extremity functional limitation, as opposed to only 11.8% among the robust.
We observed modest overlap between frailty, ADL disability, and comorbidity ( Figure 2 ). Among 2,802 older persons who had frailty and/or disability and/or comorbidity, only 62 (2.2%) had both frailty and disability, 72 (2.6%) had both frailty and comorbidity, and 109 (3.9%) had all three. Of those who were frail, 20.7% had comorbidity, 17.9% had ADL disability, 31.4% had both comorbidity and ADL disability, and 30.0% had neither comorbidity nor ADL disability.
Biomarker Correlates of Frailty
We observed differences in systolic BP, hemoglobin, cystatin C, CRP, and low-density lipoprotein cholesterol between robust, prefrail, and frail persons (Table 3) . When biomarkers were dichotomized using the lowest or the highest quintile (whichever indicated a harmful level) or clinically relevant cut-points, frail individuals were more likely to have elevated levels of systolic BP and cystatin C, and low level of hemoglobin than the robust.
Sensitivity Analyses
Baseline characteristics were virtually the same between persons who had four frailty measures and those who had five (Supplementary Table S4 ). The estimate of frailty prevalence was less than 1% higher among persons with data on all frailty components (n = 2,061; Supplementary Table S5) . Similarly, the frailty prevalence was negligibly different (7.0% to 6.3%) when we used the lowest quintile of grip strength by sex and BMI quartiles to identify weakness and the lowest quintile of gait speed by sex and median height to determine slowness (Supplementary Table S6 ). Quartiles of BMI and median height were much lower among the CHARLS cohort than the CHS cohort, where the PFP scale was initially developed (Supplementary Table S7 ). The sex and BMIspecific cut-points for defining weakness were comparable between the CHARLS and the CHS cohort. The sex-and height-specific cutoffs for defining slowness were lower in the CHARLS cohort compared to either the CHS or the NHATS cohort. The prevalence of each frailty component was also similar between the CHARLS and three U.S. cohorts (Supplementary Table S8 ).
Discussion
In this large, nationally representative sample of Chinese older adults, we found 7% of Chinese adults aged 60 years or older were frail. Frailty prevalence differed substantially across age, sex, education, and marital status. We observed substantial geographic heterogeneity and rural-urban disparities in frailty prevalence in China. We found that frail Chinese older adults had excessive burden of adverse health and functioning outcomes. The PFP scale was developed and mainly utilized in western populations. This work demonstrates its utility for identifying older adults who are frail in China, a country that has the largest aging population in the world. Our findings also contribute to a better understanding of China's increasingly growing regional disparities in health and health care resources (15) and have implications for public health policy and practice. A standardized evaluation of frailty, which provides a means to improve the detection, treatment, and management of high-risk populations, may be incorporated into China's existing health care system to reduce morbidity, prevent disability, and curb excessive health care costs.
Our findings are consistent with previous studies, showing that frailty prevalence was higher at older ages, among women, persons with unfavorable socioeconomic status, and those who lived alone or were not married (2, 4, 16, 17) . Additionally, we found that frailty prevalence was 50% higher in rural versus urban areas, and coastal regions had a lower frailty prevalence than inland regions. These findings are in line with a large body of literature demonstrating health disparities between rural and urban areas (18, 19) and regional health disparities in China (20, 21) .
We found that frail Chinese elders had higher prevalence of chronic conditions than the robust. Moreover, frail Chinese elders had excessive burden of adverse health events including falls, depression, disability, and functional limitation. These findings were echoed in an earlier study by Chen et al. (17) , who found that 55% of frail Chinese adults aged 65 years or older had eating difficulty and nearly 50% had mobility impairments. Moreover, we demonstrated that there is only modest overlap between frailty, disability, and comorbidity among Chinese older adults-supporting the view that these three clinical entities are conceptually distinct (22).
We observed an elevated level of CRP among frail Chinese older adults. The association of inflammatory markers with frailty has been repeatedly reported (23) (24) (25) (26) . Our findings corroborate the Note: ADL = activity of daily living; IADL = instrumental activity of daily living.
a Including myocardial infarction, coronary heart disease, angina, congestive heart failure, or other heart problems.
b
Assessed by the modified Center for Epidemiologic Studies Depression scale excluding two items for identifying exhaustion. A total score of ≥12 was considered depressed. ***p < .001, **p < .01, *p < .05 for comparing prevalence of disease, fall, disability, and functional limitation across robust, prefrail, and frail individuals. Of these, 347 were frail, 2,290 had ADL disability, and 1,043 had comorbidity. Ten self-reported physician diagnosed chronic conditions were considered: hypertension, diabetes, cancer or militant tumor (excluding minor skin cancer), lung disease, liver disease, kidney disease, stomach or other digestive disease, cardiac disease (including myocardial infarction, coronary heart disease, angina, congestive heart failure, or other heart problems), stroke, and arthritis or rheumatism.
view that inflammation plays an important role in the pathogenesis of frailty. Additionally, we showed that 14.3% frail persons had a hemoglobin concentration below 12 g/dL, a cutoff for defining anemia by World Health Organization (27) , as opposed to only 8.8% among the robust. Similar findings have been reported among U.S. older women (26) . Furthermore, compared with the robust, proportionally more frail persons had an elevated level of cystatin C, a marker of kidney function (28) . Previous studies have demonstrated an association of impaired kidney function and chronic kidney disease with frailty (29) . Our study has several strengths. First, we are among the first to utilize the PFP scale-a widely used and validated frailty assessment-to estimate frailty prevalence in China using a nationally representative sample. Second, we constructed cut-points for defining five PFP criteria in Chinese elders, allowing for standardized screening for frailty in routine clinical practice in China. Third, this study is the first to examine regional variation in frailty in mainland China. Fourth, the association of biomarkers with frailty has not been investigated previously among Chinese elders. Our findings may enhance the understanding of the physiological basis of frailty among Chinese elders and provide insights into whether there exists a general pathogenesis of frailty.
This study has limitations. First, we did not include nursinghomes residents because only community-dwellers were enrolled in the baseline survey of the CHARLS. We may therefore underestimate the prevalence of frailty among the entire Chinese elderly population; however, this is not likely to result in severe bias because only 1.5% of older adults live in nursing homes in China (30) . Second, all five frailty components were only measured once; these measures may vary over time. Future research needs to characterize the trajectories of frailty and examine their relation to adverse outcomes. Finally, we were unable to establish a causal association of chronic conditions and disability with frailty because our study is a crosssectional analysis. Future research utilizing longitudinal design may elucidate a potential dynamic relationship between these related but conceptually distinct clinical entities.
To our knowledge, this is the first study utilizing the PFP scale to examine frailty prevalence in a nationally representative sample of noninstitutionalized Chinese adults aged 60 years or older. We demonstrated the possibility of using the PFP scale to identify frail Chinese older adults and found substantial sociodemographic and regional disparities in frailty prevalence in China. Five PFP measures are relatively inexpensive and can be easily administered in clinical settings, providing a basis for standardized screening for frailty in geriatric practice. Given the paucity of data on frailty among Chinese older adults, which represent the world's largest aging population, our study may serve as a basis for future research aimed at evaluating the value of frailty in predicting outcomes and identifying physiological, behavioral, and psychosocial risk factors of frailty in China.
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